###### **Practice points**

-   Nintedanib plus docetaxel significantly improves survival compared with docetaxel monotherapy in patients with locally advanced, metastatic or locally recurrent NSCLC of adenocarcinoma histology after first-line chemotherapy without detriment to patient\'s quality of life.

-   A review of nintedanib clinical data and the approved prescribing information for use of nintedanib in patients with adenocarcinoma NSCLC cancer provides guidance on managing potential adverse events (AEs) associated with treatment.

-   Common AEs include gastrointestinal events and elevated liver enzymes.

-   AEs that occur with treatment are generally of mild-to-moderate severity and can typically be dealt with successfully if identified promptly and managed proactively according to pre-specified strategies.

-   A clear treatment plan that takes into consideration the individual needs and preferences of each patient is likely to help reduce the burden of AEs.

Lung cancer is one of the most common cancers and is the leading cause of cancer mortality in the world \[[@B1]\]. Approximately 80% of patients with lung cancer have NSCLC and they typically present with locally advanced or metastatic disease \[[@B2]\]. Standard first-line therapy for the majority of these patients, whose tumors do not have activating *EGFR* mutations or *ALK* oncogenes, is a platinum-based chemotherapy doublet with or without the antiangiogenic agent bevacizumab \[[@B3],[@B5]\]. Treatment options for patients who require second-line treatment have remained the same for many years, until recently. Nintedanib (VARGATEF^®^, Boehringer Ingelheim) is a novel, oral agent that is approved in the EU for use in combination with docetaxel to treat locally advanced, metastatic or locally recurrent NSCLC of adenocarcinoma histology, the most common histological subtype, in patients who have progressed on first-line chemotherapy \[[@B6],[@B7]\]. Nintedanib acts as an antiangiogenic agent that blocks the formation of new blood vessels supplying tumors with the nutrients that they need to sustain themselves \[[@B8]\]. Nintedanib inhibits three major receptor classes involved in angiogenesis: VEGFR, FGFR and PDGFR \[[@B9],[@B10]\]. The antiangiogenic properties of nintedanib are also under evaluation in patients with other solid tumors, including colorectal cancer \[[@B11],[@B12]\], renal cell carcinoma \[[@B13],[@B14]\] and hepatocellular carcinoma \[[@B15],[@B16]\]. In addition, the antifibrotic properties of nintedanib have also led to its approval as monotherapy for the treatment of patients with idiopathic pulmonary fibrosis \[[@B17]\].

The LUME-Lung 1 study (NCT00805194; study 1199.13) was the pivotal clinical trial that led to the approval of nintedanib for adenocarcinoma NSCLC in the EU as well as other countries \[[@B6],[@B7]\] (for summary, see [Table 1](#T1){ref-type="table"}). This large-scale, Phase III clinical study demonstrated that nintedanib plus docetaxel significantly prolongs survival compared with docetaxel monotherapy for patients with advanced adenocarcinoma NSCLC who have failed first-line chemotherapy \[[@B7]\]. The same study also demonstrated that nintedanib plus docetaxel has a manageable safety profile and that the survival extension is not achieved at the cost of reduced patient quality of life due to adverse events (AEs) \[[@B7],[@B20]\]. Generally well-tolerated, nintedanib, like all anticancer therapies, is associated with a specific pattern of AEs that can potentially occur in some patients.

###### **Summary of the LUME-Lung 1 study: key points.**

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Factor**                                                                                                                                                                       **Details**
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study design                                                                                                                                                                     International, randomized, double-blind, controlled Phase III study

                                                                                                                                                                                   

  Patients                                                                                                                                                                         1300 patients with advanced NSCLC who had progressed after first-line chemotherapy

                                                                                                                                                                                   

  Treatments                                                                                                                                                                       Docetaxel 75 mg/m^2^ by intravenous infusion on day 1, plus nintedanib 200 mg twice daily orally or matching placebo on days 2--21 of a 21-day cycle\
                                                                                                                                                                                   Treatment cycles were continued until patients experienced unacceptable AEs or disease progression

                                                                                                                                                                                   

  Primary end point: progression-free survival (PFS) -- how long patients live with the disease without it getting worse -- as determined by an independent central review panel   Nintedanib plus docetaxel was found to improve PFS significantly compared with placebo plus docetaxel in the overall patient population, regardless of histology as well as in patients with adenocarcinoma histology

                                                                                                                                                                                   

  Key secondary end point: overall survival (OS)                                                                                                                                   OS was also significantly improved in patients with adenocarcinoma NSCLC\
                                                                                                                                                                                   In the total adenocarcinoma population, median OS was greater than 1 year in the nintedanib plus docetaxel group and OS was significantly greater than in the placebo plus docetaxel group (median: 12.6 vs 10.3 months; HR: 0.83 \[95% CI: 0.70--0.99\]; p = 0.0359)

                                                                                                                                                                                   

  1-year survival probability                                                                                                                                                      52.7% in the nintedanib plus docetaxel compared with 44.7% in the placebo plus docetaxel group

                                                                                                                                                                                   

  2-year survival probability                                                                                                                                                      25.7% in the nintedanib plus docetaxel group compared with 19.1% in the placebo plus docetaxel group
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AE: Adverse event; HR: Hazard ratio; OS: Overall survival; PFS: Progression-free survival.

Data taken from \[[@B7]\].

It is important that oncology teams are aware of the particular AE profile of a targeted treatment. Careful and close observation of patients by the clinical team can help to identify patients at increased risk of potential AEs during the course of treatment, so that they can be proactively prevented if possible, or identified and managed quickly if they do occur. Failure to recognize AE symptoms, or to manage them effectively with supportive care, dose reduction or treatment interruption, can result in patients having to discontinue treatment permanently, meaning that they may not receive the full efficacy benefit of the therapy. Oncology nurses play a vital role in preventing, recognizing, reporting and managing AEs, as well as in passing on this knowledge to patients, carers and other members of the healthcare team. Therefore, this article reviews the reported clinical experience with nintedanib in adenocarcinoma NSCLC to date and provides practical guidance on how to manage the AEs associated with this treatment.

Safety & tolerability in patients with NSCLC {#S0001}
============================================

The LUME-Lung 1 study investigated the safety profile of nintedanib in combination with docetaxel using the Common Terminology Criteria for Adverse Events v3.0 (CTCAE) \[[@B7],[@B21],[@B22]\], which differs slightly from the most recent version (v4.03). The most common AEs observed in the LUME-Lung 1 trial for patients with adenocarcinoma NSCLC are shown in [Table 2](#T2){ref-type="table"}. The AEs that occurred with nintedanib plus docetaxel more frequently than with placebo plus docetaxel were gastrointestinal (GI) events (diarrhea, nausea and vomiting) and elevations in liver enzymes (increases in alanine aminotransferase \[ALT\] and aspartate aminotransferase \[AST\] levels) \[[@B7]\]. Most of these AEs could be managed effectively with supportive treatment or a dose reduction and did not require permanent discontinuation of treatment, and further details of how to manage these AEs are provided below. In total, 21.6% of patients in the nintedanib plus docetaxel group and 6.6% in the placebo plus docetaxel group had at least one dose reduction of nintedanib or placebo.

###### **Adverse events^†^ of all grades occurring in ≥10% of the patients with adenocarcinoma histology in either treatment arm in the LUME-Lung 1 study.**

  **Preferred term**                 **Nintedanib plus docetaxel, n (%)**   **Placebo plus docetaxel, n (%)**                   
  ---------------------------------- -------------------------------------- ----------------------------------- --------------- --------------
  Any AE                             308 (96.3)                             243 (75.9)                          314 (94.3)      228 (68.5)
                                                                                                                                
  **Diarrhea**                       **139 (43.4)**                         **20 (6.3)**                        **82 (24.6)**   **12 (3.6)**
                                                                                                                                
  Decreased neutrophil count         131 (40.9)                             116 (36.3)                          135 (40.5)      116 (34.8)
                                                                                                                                
  **ALT increased**                  **121 (37.8)**                         **37 (11.6)**                       **31 (9.3)**    **3 (0.9)**
                                                                                                                                
  Fatigue                            99 (30.9)                              15 (4.7)                            98 (29.4)       14 (4.2)
                                                                                                                                
  **AST increased**                  **97 (30.3)**                          **13 (4.1)**                        **24 (7.2)**    **2 (0.6)**
                                                                                                                                
  Nausea                             91 (28.4)                              3 (0.9)                             59 (17.7)       2 (0.6)
                                                                                                                                
  Decreased white blood cell count   89 (27.8)                              63 (19.7)                           94 (28.2)       61 (18.3)
                                                                                                                                
  Decreased appetite                 75 (23.4)                              4 (1.3)                             52 (15.6)       5 (1.5)
                                                                                                                                
  Vomiting                           62 (19.4)                              4 (1.3)                             41 (12.3)       2 (0.6)
                                                                                                                                
  Alopecia                           56 (17.5)                              1 (0.3)                             68 (20.4)       0
                                                                                                                                
  Dyspnea                            54 (16.9)                              15 (4.7)                            52 (15.6)       20 (6.0)
                                                                                                                                
  Neutropenia                        44 (13.8)                              38 (11.9)                           51 (15.3)       45 (13.5)
                                                                                                                                
  Cough                              42 (13.1)                              3 (0.9)                             63 (18.9)       2 (0.6)
                                                                                                                                
  Pyrexia                            39 (12.2)                              2 (0.6)                             47 (14.1)       1 (0.3)
                                                                                                                                
  Stomatitis                         36 (11.3)                              4 (1.3)                             26 (7.8)        1 (0.3)
                                                                                                                                
  Decreased hemoglobin               35 (10.9)                              3 (0.9)                             46 (13.8)       7 (2.1)
                                                                                                                                
  Constipation                       22 (6.9)                               0                                   39 (11.7)       1 (0.3)

Bold events are AEs for which the frequency of all-grade AEs for nintedanib plus docetaxel was \>15% with placebo plus docetaxel.

^†^Defined according to Common Terminology Criteria for Adverse Events v3.0.

AE: Adverse event; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Reproduced with permission from \[[@B7]\] © Elsevier (2014).

As expected with a docetaxel-containing regimen, hematological AEs, fatigue and alopecia were commonly reported in both treatment arms in the LUME-Lung 1 study. Rates of these AEs were comparable between the treatment arms, indicating that they were likely to be associated with docetaxel rather than nintedanib. Docetaxel dose reductions were implemented for 16.6% of patients in the nintedanib plus docetaxel group and 12.3% in the placebo plus docetaxel group. Adding nintedanib did not affect planned docetaxel dosing and the intensity of docetaxel dosing was similar for the two treatment groups. Guidance on the management of docetaxel-related AEs is beyond the scope of this review, but oncology teams should follow their regular management plans and standard guidance \[[@B23],[@B24]\].

Inhibitors of the VEGF pathway have typically been associated with a number of characteristic AEs, referred to in this review as 'AEs of special interest'. Some of these events are rare but potentially serious and include hypertension, arterial and venous thromboembolism (ATE and VTE), bleeding and GI perforation \[[@B25]\]. The mechanisms that link antiangiogenic agents with these AEs of special interest are not well understood currently. In the LUME-Lung 1 trial, the incidence of mainly mild-to-moderate hypertension (grade 1 or 2) and of VTE events increased slightly with nintedanib plus docetaxel compared with placebo plus docetaxel in patients with adenocarcinoma NSCLC ([Table 3](#T3){ref-type="table"}) \[[@B26]\]. There was no notable difference of any grade in ATE, bleeding or GI perforation AEs \[[@B7]\]. Nevertheless, given the potentially serious nature of these AEs, specific guidance is provided on their management in this review. Some oral antiangiogenic agents are also associated with a number of characteristic AEs, such as hand--foot skin reaction \[[@B25]\], but the incidence of this event in the LUME-Lung 1 trial was less than 1% \[[@B26]\].

###### **Adverse events^†^ specifically associated with VEGF inhibitors occurring in patients with adenocarcinoma in either treatment arm in the LUME-Lung 1 study.**

  **Adverse events**             **Nintedanib plus docetaxel (n = 320), n (%)**   **Placebo plus docetaxel (n = 333), n (%)**               
  ------------------------------ ------------------------------------------------ --------------------------------------------- ----------- ---------
  Bleeding                       35 (10.9)                                        4 (1.3)                                       37 (11.1)   5 (1.5)
                                                                                                                                            
  Gastrointestinal perforation   1 (0.3)                                          1 (0.3)                                       1 (0.3)     1 (0.3)
                                                                                                                                            
  Venous thromboembolism         9 (2.8)                                          3 (0.9)                                       4 (1.2)     2 (0.6)
                                                                                                                                            
  Arterial thromboembolism       3 (0.9)                                          3 (0.9)                                       7 (2.1)     3 (0.9)
                                                                                                                                            
  Hypertension                   11 (3.4)                                         1 (0.3)                                       2 (0.6)     1 (0.3)

^†^Defined according to Common Terminology Criteria for Adverse Events v3.0.

Data taken from \[[@B26]\].

Nintedanib dosing {#S0002}
=================

Nintedanib is provided in capsules at two different dose levels: 100 and 150 mg. Both the 100 mg capsule (peach-colored) and the 150 mg capsule (brown), are oblong, soft-gelatin capsules imprinted on one side with the Boehringer Ingelheim company symbol and a number representing the dose strength (100 or 150 mg). Further details related to nintedanib dosing can be found in [Box 1](#BX1){ref-type="boxed-text"}.

Nintedanib dose modification {#S0003}
----------------------------

Nintedanib dose interruption, reduction or discontinuation may be required for some patients who experience AEs, depending on the severity and the duration of the event. The general principles for modifying the nintedanib dose are outlined in [Figure 1](#F0001){ref-type="fig"}. Temporary interruption of nintedanib is recommended as the initial step for AE management until the specific event has resolved to levels that allow continuation of treatment (to grade 1 or baseline severity) \[[@B6]\]. Nintedanib treatment can then be resumed at a reduced dose. Dose modification is required for any patient who experiences a hematological or nonhematological AE of grade ≥3. There are also specific dose modification criteria for patients who experience the most common AEs of diarrhea (outlined in [Table 4](#T4){ref-type="table"}), nausea and vomiting ([Table 5](#T5){ref-type="table"}) or elevated liver enzymes ([Table 6](#T6){ref-type="table"}). Further guidance on applying dose modification principles for these events is provided in the 'Recommendations for management of AEs with nintedanib' section of this review.

![**Nintedanib dose-reduction scheme.**](lmt-05-29-g1){#F0001}

###### **Diarrhea: assessment and management.**

  --------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Prevention                              -- Patient education including dietary advice
                                          -- Adequate fluid intake
                                          
  Symptom severity^†^:                     
  -- Grade 1                              -- Increase of \<4 stools per day over baseline; mild increase in ostomy output compared with baseline
  -- Grade 2^‡^                           --Increase of 4--6 stools per day over baseline; iv. fluids indicated \<24 h; moderate increase in ostomy output compared with baseline; not interfering with ADL
  -- Grade 3^§^                           -- Increase of ≥7 stools per day over baseline; incontinence; iv. fluids ≥24 h; hospitalization; severe increase in ostomy output compared with baseline; interfering with ADL
  -- Grade 4^¶^                           -- Life-threatening consequences (e.g., hemodynamic collapse)
  -- Grade 5                              -- Death
                                          
  Reactive management                     -- As soon as observed:
                                          -- Loperamide (4 mg) after first stool and 2 mg after every stool, until 12 h after the last watery stool -- maximum dose 12--16 mg/day
                                          -- Adequate fluid intake
                                          -- Consider iv. fluids and electrolyte replacement for ≥grade 3
                                          
  Nintedanib dose interruption required   -- Diarrhea ≥grade 2 for \>7 consecutive days despite antidiarrheal treatment
                                          **or**
                                          -- Diarrhea ≥grade 3 despite antidiarrheal treatment
  --------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^†^Defined according to Common Terminology Criteria for Adverse Events (CTCAE) v3.0 used in the LUME-Lung 1 study, which differed slightly from the most recent version (v4.03) in the definitions as follows:

^‡^For grade 2 diarrhea, iv. fluids indicated \<24 h and not interfering with ADL are excluded as part of the definition in CTCAE v4.03;

^§^For grade 3 diarrhea, iv. fluids ≥24 h and hospitalization are excluded as part of the definition in CTCAE v4.03;

^¶^Hemodynamic collapse is excluded as an example of life-threatening consequences in CTCAE v4.03.

ADL: Activities of daily living; iv.: Intravenous.

Data taken from \[[@B6]\].

###### **Nausea and vomiting: assessment and management.**

  --------------------------------------- --------------------------------------------------------------------------------------------------------------------
  Prevention                              -- Patient education including dietary advice
                                          -- Mint or ginger taken as a tea or capsule
                                          
  Nausea severity^†^:                      
  -- Grade 1                              -- Loss of appetite without alteration in eating habits
  -- Grade 2^‡^                           -- Oral intake decreased without significant weight loss, dehydration or malnutrition; iv. fluids indicated \<24 h
  -- Grade 3^§^                           -- Inadequate oral caloric or fluid intake; iv. fluids, tube feedings or TPN indicated ≥24 h
  -- Grade 4                              --
  -- Grade 5                              --
                                          
  Vomiting severity^†^                     
  -- Grade 1^¶^                           -- 1 episode in 24 h
  -- Grade 2^\#^                          -- 2--5 episodes in 24 h; iv. fluids indicated \<24 h
  -- Grade 3^††^                          -- ≥6 episodes in 24 h; iv. fluids, or TPN indicated ≥24 h
  -- Grade 4^‡‡^                          -- Life-threatening consequences
  -- Grade 5                              -- Death
                                          
  Reactive management                     -- Antiemetic supportive care:
                                          • Glucocorticoids; anti-histamines or 5-HT3 receptor antagonists
                                          -- Adequate fluid intake
                                          
  Nintedanib dose interruption required   -- Vomiting ≥grade 2
                                          **and/or**
                                          -- Nausea ≥grade 3 despite antiemetic treatment
  --------------------------------------- --------------------------------------------------------------------------------------------------------------------

^†^Defined according to Common Terminology Criteria for Adverse Events (CTCAE) v3.0 used in the LUME-Lung 1 study, which differed slightly from the most recent version (v4.03) in the definitions as follows:

^‡^For grade 2 nausea, iv. fluids indicated \<24 h is excluded as part of the definition, as per CTCAE v4.03;

^§^For grade 3 nausea, iv. fluids and TPN indicated ≥24 h are excluded as part of the definition, as per CTCAE 4.03;

^¶^Grade 1 vomiting is defined as 1--2 episodes (separated by 5 min) in 24 h;

^\#^Grade 2 vomiting is defined as 3--5 episodes (separated by 5 min) in 24 h;

^††^Grade 3 vomiting is defined as ≥6 episodes (separated by 5 min) in 24 h; tube feeding, TPN or hospitalization indicated;

^‡‡^Grade 4 vomiting is defined as life-threatening consequences; urgent intervention indicated.

iv.: Intravenous; TPN: Total parenteral nutrition.

Data taken from \[[@B6]\].

###### **Liver enzyme and bilirubin elevations: assessment and management.**

  --------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------- ---------------- ---------------- ----------------
  Prevention                              -- Monitoring prior to initiation, periodically throughout treatment and as clinically indicated                                                                      
                                          -- Assessment of concomitant medication                                                                                                                               
                                          -- Patient education on risk factors                                                                                                                                  
                                                                                                                                                                                                                
  **Symptom severity^†^**                 **AST**                                                                                                                             **ALT**          **ALKP**         **Bilirubin**
  -- Grade 1^‡^                           \>1--2.5 × ULN                                                                                                                      \>1--2.5 × ULN   \>1--2.5 × ULN   \>1--1.5 × ULN
  -- Grade 2^‡^                           \>2.5--5 × ULN                                                                                                                      \>2.5--5 × ULN   \>2.5--5 × ULN   \>1.5--3 × ULN
  -- Grade 3                              \>5--20 × ULN                                                                                                                       \>5--20 × ULN    \>5--20 × ULN    \>3--10 × ULN
  -- Grade 4                              \>1--3 × ULN                                                                                                                        \>1--3 × ULN     \>1--2.5 × ULN   \>1--1.5 × ULN
  -- Grade 5                              --                                                                                                                                  --               --               --
                                                                                                                                                                                                                
  Reactive management                     -- Investigate potential alternative causes of AST/ALT elevation other than nintedanib and take action as necessary                                                   
                                                                                                                                                                                                                
  Nintedanib dose interruption required   -- Elevation of AST and/or ALT values to \>2.5 × ULN in conjunction with total bilirubin elevation to ≥1.5 × ULN                                                      
                                          **or**                                                                                                                                                                
                                          -- Elevation of AST and/or ALT values to \>5× ULN                                                                                                                     
                                                                                                                                                                                                                
  Nintedanib discontinuation required     -- Elevation of AST and/or ALT values to \>3× ULN in conjunction with an increase of total bilirubin to ≥2× ULN and ALKP \<2× ULN                                     
  --------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------- ---------------- ---------------- ----------------

^†^Defined according to Common Terminology Criteria for Adverse Events (CTCAE) v3.0 in the LUME-Lung 1 study, which differed slightly from the most recent version (v4.03) in the definitions as follows:

^‡^For grade 1 ALT/AST elevation the upper limit was 3.0 × ULN and for grade 2 ALT/AST elevation the lower limit was \>3.0 × ULN according to the definitions in CTCAE v4.03.

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALKP: Alkaline phosphatase; ULN: Upper limit of normal.

Data taken from \[[@B6]\].

Interactions between nintedanib & other drugs {#S0004}
---------------------------------------------

It is important for the oncology nurse to ask patients about other medications a patient might be taking in order to avoid potential drug--drug interactions (DDIs). Many medications, including anticancer medications such as docetaxel, are metabolized in the body by the CYP450 family of enzymes \[[@B27]\]. Coadministering more than one medication that interacts with CYP450 enzymes could lead to DDIs that cause an increase or decrease in blood levels of a drug and a consequent increase in the risk of toxicity or a reduction in efficacy \[[@B27]\]. However, studies have shown that nintedanib metabolism occurs primarily by enzymes other than CYP450 \[[@B28]\] and, as such, the likelihood of DDIs occurring with nintedanib based on CYP450 metabolism is considered to be low \[[@B6]\]. Indeed, coadministration of nintedanib with docetaxel (75 mg/m²) did not alter the pharmacokinetics of either drug to a relevant extent \[[@B29],[@B30]\].

Nintedanib is a substrate of the P-glycoprotein (P-gp) cell membrane transporter that is involved in elimination of drugs from the body. Coadministration of nintedanib with the potent P-gp inducer rifampicin, an antibiotic, decreases exposure to nintedanib by 50--60% compared with nintedanib alone. Conversely, co-administration of nintedanib with the potent P-gp inhibitor ketoconazole, used for treatment of fungal infections, increases patients' exposure to nintedanib by approximately 60--80% \[[@B6]\]. Therefore, patients receiving nintedanib and a potent P-gp inhibitor (e.g., ketoconazole or the antibiotic erythromycin) may experience an increase in exposure to nintedanib and should be monitored closely for AEs \[[@B6]\].

Recommendations for management of AEs with nintedanib {#S0005}
=====================================================

The role of the oncology nurse is vital to multiple aspects of effective AE management, including patient assessment, symptom recognition and reporting, symptom management, co-ordination with other healthcare providers and supportive care \[[@B31]\]. Studies have shown that empowering and enabling patients to take a more active role in their overall care can play a positive role in the physical, psychological and emotional outcomes of treatment \[[@B32]\]. Educating patients to give them the relevant information, skills and the confidence they need to engage in AE self-management is likely to improve outcomes. Nurses have a good opportunity to develop an effective relationship with the patient and their carers together with other members of the oncology team. This enables them to educate patients more successfully about potential AEs and to encourage patients to identify and communicate their own symptoms. Some patients may minimize the importance of AEs and may even try to conceal the symptoms because they fear this may lead to discontinuation of treatment or a dose reduction/temporary interruption that may reduce the efficacy of their treatment \[[@B33]\]. Oncology nurses can provide reassurance that a dose modification is not a cause for concern and is designed to avoid the need for treatment discontinuation, and gives patients the best chance of gaining benefit from the treatment over the longer term \[[@B33]\].

Prior to starting nintedanib treatment {#S0006}
--------------------------------------

Patients receiving nintedanib plus docetaxel for NSCLC will have progressed on first-line chemotherapy and may still be experiencing AEs as a result of this treatment. Therefore, they should be assessed before starting nintedanib to identify conditions, including AEs, resulting from prior therapy and establish baseline values of certain laboratory values, such as liver enzymes and bilirubin. This information can then help to identify new AEs during the course of nintedanib therapy. By keeping diaries of their nintedanib dosing and symptoms, patients can also help to identify and manage their AEs.

Managing nintedanib-associated adverse events {#S0007}
---------------------------------------------

This article details practical management strategies for the two main classes of AEs observed with nintedanib in the LUME-Lung 1 study: GI AEs and elevations in liver enzymes. This guidance can be used to supplement existing management strategies based on experience with other chemotherapies, which will also be applicable. Patients may experience docetaxel-related AEs, such as the hematological events observed in the LUME-Lung 1 study \[[@B7]\]. Existing management strategies for docetaxel will also apply for patients receiving nintedanib plus docetaxel \[[@B34]\]. Oncology teams should also consult the nintedanib prescribing information and package insert carefully prior to initiating treatment \[[@B6]\]. It is important to note that, although patients with NSCLC of all histologies were included in the LUME-Lung 1 study, the data discussed here are for patients with adenocarcinoma NSCLC, in line with the approved indication for nintedanib. Furthermore, all recommendations regarding symptom severity grading refer to CTCAE v3.0 that was available at the time of the LUME-Lung 1 study; the most recent version is CTCAE v4.03 \[[@B21]\].

Gastrointestinal AEs {#S0008}
--------------------

GI AEs, such as diarrhea, nausea and vomiting, can be distressing for patients and successful intervention to prevent, manage and treat symptoms can improve patients' quality of life during treatment \[[@B37]\]. GI AEs are a common feature of many oral, targeted anticancer therapies \[[@B38]\]. In particular, agents that target the EGFR or the VEGFR, such as nintedanib, are associated with GI events in patients with NSCLC \[[@B7],[@B39]\]. The mechanism of VEGFR inhibitor-induced GI events is currently unclear. VEGFR inhibitors, including nintedanib, are primarily excreted via the feces Therefore, AEs of diarrhea may be caused by local irritation of the intestinal mucosa due to high levels of drug exposure \[[@B38]\].

### Diarrhea {#S0009}

#### Incidence {#S0010}

Diarrhea is graded for severity according to the frequency of bowel movements and the volume of stool output compared with baseline. The specific criteria for each grade according to the CTCAE v3.0 are summarized in [Table 4](#T4){ref-type="table"}. In the LUME-Lung 1 study, diarrhea was the most frequently reported AE by patients treated with nintedanib plus docetaxel \[[@B7]\]. The majority of patients who experienced diarrhea had symptoms of mild-to-moderate severity (grades 1 and 2) \[[@B7]\]. In practice, monitoring of diarrhea is partly dependent on patient self-reporting and therefore it is important to establish each patients' definition of diarrhea and its severity, which can differ between individuals.

#### Prevention {#S0011}

Prior to initiating treatment, patients' bowel patterns should be established as a baseline that any changes can be measured against \[[@B40]\]. Although not routinely used in oncology practice, stool form scales can provide a useful measure of intestinal function at baseline and throughout treatment \[[@B41]\]. Patients should also be educated on the various signs and symptoms of diarrhea so that they can alert their healthcare professional. Patients need to be aware of the signs and symptoms of rare but potentially serious diarrhea complications that may require urgent attention, such as moderate-to-severe cramping, nausea, vomiting, fever, bleeding or signs of dehydration \[[@B42]\]. Prophylaxis with antibiotics, probiotics or activated charcoal has shown inconsistent results for chemotherapy-treated patients \[[@B43]\] and there is insufficient evidence at present to recommend these for patients receiving targeted therapies \[[@B44]\].

#### Reactive management {#S0012}

[Table 4](#T4){ref-type="table"} provides an overview of considerations for diarrhea management and treatment. Diarrhea should be treated, as soon as it is observed, with antidiarrheal medication (e.g., loperamide) and adequate hydration \[[@B40],[@B45]\]. For grades 1 and 2 diarrhea patients can prevent dehydration by consuming approximately 2 l of fluid per day, including some fluids containing sugar or salt to avoid hyponatremia and hypokalemia caused by electrolyte loss \[[@B40]\]. For more severe diarrhea, plasma levels of electrolytes should be monitored by blood sampling and electrolytes and intravenous fluids provided if necessary \[[@B6],[@B42]\].

Patients with grades 1 and 2 diarrhea should be encouraged to eat small meals regularly (e.g., every 2--3 h, six to eight-times a day) to ensure adequate nutrition. Foods that can reduce the frequency of bowel movements include bananas, oats, plain white rice and pasta. Foods and drinks that could exacerbate diarrhea should be avoided, such as lactose- or caffeine-containing products, greasy or spicy foods or foods with a high fiber content that are difficult to digest, including wholegrain foods, broccoli and onions. Diet and sugar-free products containing the sweeteners sorbitol or mannitol can cause diarrhea and should also be avoided.

Nintedanib dose modifications in response to diarrhea are guided by the severity grading of symptoms \[[@B6]\]. Dose modification is needed for patients with diarrhea of grade ≥2 severity that persists for more than seven consecutive days despite antidiarrheal treatment, diarrhea of grade ≥3 severity that persists despite antidiarrheal treatment or earlier if required by the individual patient. In these cases, nintedanib treatment should first be stopped temporarily until symptoms recover to grade 1 or baseline levels. Nintedanib can then be restarted at a reduced dose of 150 mg twice daily ([Figure 1](#F0001){ref-type="fig"}). Patients who experience a second episode of diarrhea that requires dose modification should stop treatment again and restart at a further reduced dose of 100 mg twice daily. Patients should permanently discontinue nintedanib if they experience diarrhea requiring a further dose modification at the 100 mg twice daily dose.

### Nausea & vomiting {#S0013}

#### Incidence {#S0014}

Severity grading for nausea is dependent on patients' eating habits and the impact on hydration and nutrition levels, whereas grading of vomiting relates to the frequency of episodes. The criteria for each grade are summarized in [Table 5](#T5){ref-type="table"}. In the LUME-Lung 1 trial, the majority of patients who experienced nausea and vomiting had symptoms of mild-to-moderate severity (grades 1 and 2) \[[@B7]\].

#### Prevention {#S0015}

Patients can manage their risk of nausea and vomiting by adjusting their eating patterns to a greater number of smaller meals throughout the day, and to choose foods and drinks that they can best tolerate. Certain strong odors can trigger symptoms and patients should be encouraged to avoid these. Studies suggest that mint and ginger can be effective, natural antiemetics \[[@B46],[@B47]\] and they may have preventive benefits when taken as a tea or in capsule form.

#### Reactive management {#S0016}

If nausea and vomiting do occur, the symptoms should be managed as soon as possible. Medicinal interventions include antiemetic agents, such as glucocorticoids, anti-histamines or 5-HT~3~ receptor antagonists, and these should be used in line with existing guidelines for nausea/vomiting management within the oncology team \[[@B48],[@B49]\]. As with symptoms of diarrhea, it is important to ensure that patients with nausea and vomiting remain adequately hydrated and are regularly monitored for dehydration and plasma electrolyte imbalances. Electrolytes and intravenous fluids should be provided if necessary. Patients who vomit after taking their nintedanib medication should not make up for the vomited dose but should resume treatment at the next scheduled time, at the recommended dose.

Nintedanib dose modifications are required for patients with vomiting grade ≥2 or nausea grade ≥3 that persists despite antiemetic treatment or according to individual patient needs. Treatment should be temporarily interrupted and restarted once symptoms return to baseline or grade 1 at 150 mg twice daily in the first instance and at 100 mg twice daily if a second dose reduction is required ([Figure 1](#F0001){ref-type="fig"}). Permanent discontinuation of nintedanib should be considered for patients with nausea or vomiting requiring a further dose modification at the 100 mg twice daily dose \[[@B6]\].

Elevated liver enzymes & bilirubin {#S0017}
----------------------------------

Liver enzyme and bilirubin elevations may be an early signal of hepatotoxicity -- injury to the liver that can lead to impairment of liver function and, later, symptoms related to liver failure. Liver enzyme elevations are usually asymptomatic but symptoms such as yellow skin and dark urine may occur as a result of elevations in bilirubin \[[@B50]\]. The mechanism by which nintedanib may lead to elevated liver enzymes is currently unknown. Oncology nurses can help to advise patients of the harmful consequences of elevated liver enzymes and explain the importance of the periodic liver enzyme tests.

### Incidence {#S0018}

It is important for oncology nurses to have some familiarity with the severity grading used in the assessment of liver enzyme and bilirubin elevations ([Table 6](#T6){ref-type="table"}). The most commonly reported liver enzyme elevations in patients of adenocarcinoma tumor histology receiving nintedanib in combination with docetaxel in LUME-Lung 1 were elevated AST (30.3%) and elevated ALT (37.8%) levels \[[@B7]\]. The majority of the cases of elevated AST/ALT were grades 1--2 ([Table 2](#T2){ref-type="table"}). Although liver enzyme elevations were the most common reason for dose reductions in LUME-Lung 1, most of the increases in liver enzyme levels associated with nintedanib are reversible.

### Prevention {#S0019}

Unlike other frequent AEs, there are no guidelines specific to managing liver enzyme elevations with targeted therapy in oncology. [Table 6](#T6){ref-type="table"} provides an overview of the considerations for managing ALT/AST and bilirubin elevation associated with nintedanib therapy. Levels of liver enzymes and bilirubin should be measured before initiation of nintedanib treatment. The values should then be monitored as clinically indicated or periodically during treatment, for example, at the beginning of each cycle for patients undergoing combination therapy with docetaxel, or monthly if docetaxel is discontinued and patients continue on nintedanib monotherapy; more frequent monitoring being advisable for patients with risk factors for hepatic impairment. It should be noted that nintedanib is not recommended for patients with moderate or severe hepatic impairment. Patients should also be asked and counseled about risk factors for liver impairment (e.g., alcohol abuse, obesity, exposure to industrial toxins or hepatitis viruses), and educated on the importance of avoiding excessive alcohol consumption and over-the-counter medications that may affect liver function including paracetamol (acetaminophen) or certain herbal or dietary supplements, such as Kava Kava root, green tea extracts or Chinese natural medicine \[[@B45],[@B51]\].

### Reactive management {#S0020}

The management of elevated AST/ALT levels is based on severity ([Table 6](#T6){ref-type="table"}). It is recommended that nintedanib treatment be interrupted in patients with AST and/or ALT elevations \>2.5 × ULN in conjunction with total bilirubin elevations ≥1.5 × ULN or AST and/or ALT elevations \>5 × ULN \[[@B6]\]. In such cases, alternative causes of AST/ALT elevation should also be investigated and appropriate action taken as necessary. Nintedanib treatment can be resumed at a reduced dose when AST/ALT enzyme values return to ≤2.5 × ULN in conjunction with bilirubin to normal \[[@B6]\]. For patients with AST and/or ALT elevations \>3 × ULN in conjunction with elevated bilirubin ≥2 × ULN in the absence of elevated alkaline phosphatase levels (\<2 × ULN), nintedanib treatment should be permanently discontinued unless an alternative cause of liver damage can be established.

AEs of special interest {#S0021}
=======================

Oncology teams should be mindful of the possibility for rare but potentially serious AEs that are characteristic of angiogenesis inhibitors, including ATE and VTE, bleeding, impaired wound healing and GI perforation \[[@B25]\]. Guidance on managing the risk of these events is provided here. The frequency of patients experiencing hypertension with nintedanib plus docetaxel was low and the reported AEs were mainly of CTCAE grade 1 and 2 ([Table 3](#T3){ref-type="table"}). Hypertension that does occur should be managed in line with existing guidelines \[[@B52]\].

Bleeding & wound healing {#S0022}
------------------------

### Incidence {#S0023}

In the LUME-Lung 1 study, bleeding was more frequent in the nintedanib arm of the overall population compared with the placebo arm driven by between-treatment differences in patients with squamous cell carcinoma NSCLC. In adenocarcinoma patients, the incidence of bleeding was similar in the two treatment groups (placebo: 11.1%, nintedanib: 10.9%). Mild-to-moderate epistaxis represented the most frequent bleeding events. There were no imbalances of respiratory bleedings. Based on its mechanism of action, nintedanib may impair wound healing, although no increased frequency of impaired wound healing was observed in the LUME-Lung 1 study.

### Prevention & management {#S0024}

Patients with recent pulmonary bleeding (\>2.5 ml of red blood), as well as patients with centrally located tumors with radiographic evidence of local invasion of major blood vessels or radiographic evidence of cavitary or necrotic tumors, were excluded from nintedanib clinical trials. Therefore, nintedanib is not recommended in these patients \[[@B6]\]. Patients taking concomitant anticoagulation therapy, such as warfarin or phenprocoumon, should be monitored regularly for changes in prothrombin time, international normalized ratio and clinical bleeding episodes \[[@B6]\]. Patients should be educated on the importance of highlighting immediately any evidence of major bleeding to the oncology team. As a precaution, nintedanib should only be initiated or, in the case of perioperative interruption, resumed in patients who have wounds that are adequately healed based on clinical judgement \[[@B6]\]. Nintedanib should be interrupted in patients requiring surgery until wounds are adequately healed, based on clinical judgment \[[@B6]\].

Arterial & venous thromboembolism {#S0025}
---------------------------------

### Incidence {#S0026}

Nintedanib was associated with a slight increase in VTE, including deep vein thrombosis compared with placebo, in the LUME-Lung 1 study \[[@B7]\]. Nintedanib was not associated with an increase in ATE AEs compared with placebo. Patients with a recent history of myocardial infarction or stroke were excluded. A slightly increased frequency of patients with ATE has been seen with nintedanib monotherapy in clinical trials of patients with idiopathic pulmonary fibrosis.

### Prevention & management {#S0027}

Caution should be exercised when treating patients with a higher cardiovascular risk, including known coronary artery disease. Nintedanib should be discontinued in patients with life-threatening VTE reactions. Treatment interruption should also be considered in patients who develop signs or symptoms of acute myocardial ischemia \[[@B6]\]. Patients should be educated on the signs and symptoms of VTE (e.g., pain, swelling, reddening, warmth of a limb) and ATE (chest pressure or pain, pain in the neck, jaw, shoulder or arm, a fast heartbeat, shortness of breath, and nausea and vomiting) and of the importance of highlighting these to their oncology nurse or treating physician \[[@B6]\]. Thromboembolic events should be managed according to local treatment guidelines.

GI perforation {#S0028}
--------------

### Incidence {#S0029}

Nintedanib was not associated with an increased frequency of patients with GI perforations compared with placebo in the LUME-Lung 1 study \[[@B7]\]. However, as with the risk of bleeding, the mechanism of action of nintedanib may increase the risk of GI perforations.

### Prevention & management {#S0030}

Particular caution should be exercised when treating patients with previous abdominal surgery. Nintedanib should only be initiated at least 4 weeks after major surgery. Nintedanib should be permanently discontinued in patients who develop GI perforations \[[@B6]\]. Patients should alert the oncology team immediately if they experience symptoms corresponding with GI perforation, such as severe abdominal pain, fever, chills, sickness, vomiting, or abdominal rigidity or bloating \[[@B6]\].

Future perspective {#S0031}
==================

Nintedanib in combination with docetaxel has been shown to be effective and has a manageable safety profile for patients with adenocarcinoma NSCLC who progressed following first-line chemotherapy \[[@B7]\]. A clear treatment plan that takes into consideration the individual needs and preferences of each patient is likely to help to reduce the burden of AEs. When they do occur, most AEs associated with nintedanib are of mild-to-moderate severity, and can generally be dealt with successfully if they are identified promptly and managed proactively according to pre-specified strategies. Preventing AEs from escalating to more serious events will improve outcomes for patients and reduce the burden of treatment over the longer term. Thorough examination prior to initiating nintedanib and regular monitoring throughout the course of treatment is important and will help the potential of this treatment option to be realized. Educating and involving patients and their carer in symptom monitoring and management will help to identify AEs earlier and may facilitate faster AE improvement. Greater patient and carer involvement is also likely to have the added benefit of improving satisfaction by fostering a sense of empowerment over their treatment. Through concerted effort from the oncology team, the patient and wider healthcare services, the AEs of nintedanib can be effectively managed and the need for dose modification minimized to give patients the best chance of gaining benefit from treatment.

###### **Nintedanib dosing.**

***How to take nintedanib?*** {#S0032}
-----------------------------

-   Patients should swallow the capsules whole with water and without chewing or crushing

-   Nintedanib capsules should preferably be taken with food -- that is, during or immediately before or after a meal; pharmacokinetic studies showed that the amount of nintedanib entering the bloodstream is increased by approximately 20% when administered after food compared with under fasting conditions

***Frequency of administration*** {#S0033}
---------------------------------

-   Nintedanib should be administered every day from day 2 to 21 of a standard 21-day docetaxel treatment cycle

-   Critically, nintedanib should not be administered on the same day as chemotherapy (day 1)

-   On nintedanib dosing days, patients are recommended to take two nintedanib 100 mg capsules (200 mg) twice a day for a total daily dose of 400 mg. The two daily doses should be taken approximately 12 h apart, and at approximately the same two times each day (e.g., morning and evening) to ensure that a steady amount of nintedanib is maintained in the body

**What to do in the event of a missed dose?** {#S0034}
---------------------------------------------

-   If a patient misses a dose of nintedanib or vomits the dose, administration should resume at the next scheduled time of the recommended dose

-   The individual daily doses of nintedanib should not be increased beyond the recommended dose to make up for missed or vomited doses and the recommended maximum daily dose of 400 mg should not be exceeded to avoid any potential overexposure and toxicity issues

Data taken from \[[@B6]\].
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